The concept of death genes goes back to the early days of programmed cell death, when a researcher's model system was required to be dependent on transcription of the dying cell in order to qualify as apoptosis. In 1987 Andrew Wyllie,
Introduction
Much of the early characterization of apoptosis was performed in thymocytes treated with either antibody to engage the T cell receptor (TCR) or by treatment with glucocorticoid. 2 ± 6 In these situations, thymocyte death is dependent on RNA and protein synthesis because apoptosis was not observed when the cells were treated in the presence of actinomycin D, an inhibitor of RNA synthesis, or in the presence of cycloheximide, an inhibitor of protein synthesis.
However, it was later shown that not all apoptosis requires new RNA or protein synthesis by the condemned cell. In 1990, Martin et al. 7 reported that the human promyelocytic cell line, HL-60, treated with the calcium ionophore, A23187, or the microtubule disruptors, colchicine and vinblastine was not rescued from apoptosis by the presence of cycloheximide or actinomycin D. Rather than protecting against cell death, both of these agents induced significant death in HL-60 cells, thus demonstrating that not all apoptosis was dependent on transcription and translation. In fact, this provided an inkling of the complexity of programmed cell death that would soon become evident. However, the fact remained that in some cases, transcription is required for apoptosis to occur and it is now pretty much agreed that the requirement for novel RNA and protein synthesis in apoptosis is dependent on the cell type and the apoptotic stimulus. In those cases when apoptosis is dependent on transcription, the genes that must be transcribed have been termed`death genes'. Socalled death genes are those that are not transcriptionally active unless there is some sort of death stimulus. Without proper activation of the appropriate death gene(s), the ultimate goal of cell death cannot be achieved in some settings. Here, we will discuss one set of scenarios where this is the case.
Fas ligand as a T cell death gene
The cytotoxic protein, FasL, that binds the surface molecule Fas was identified in 1993 as a type II membrane protein of 40 kDa that is expressed on lymphoid cells as well as in tissues involved in peripheral deletion and sites of immune privilege. 8 FasL has also been isolated in a soluble form from patients with large granular lymphocytic (LGL) leukemia and natural killer (NK) cell lymphoma. 9 FasL is a member of the tumor necrosis factor (TNF) family of proteins and induces apoptosis in cells bearing Fas (CD95/APO-1) on the plasma membrane by setting in motion a sequential activation of what is becoming a well-defined process.
FasL engages surface Fas, a member of the TNF receptor family. 10 Trimerization of Fas results in recruitment of the death inducing signaling complex, DISC, which includes the accessory molecules FADD and pro-caspase-8 as principal components (see 11, 12 ). Activation of caspase-8, in turn, activates the execution phase of the death program, which appears to follow one of two routes: via direct cleavage and activation of caspase-3 or by indirectly causing the release of mitochondrial cytochrome c. Upon release, cytochrome c is recruited to the apoptosome with APAF-1 and pro-caspase 9 which leads to nuclear and cellular degradation. Although more complex than outlined here, the two pathways can be described according to the involvement of proteins recruited to the DISC and potential inhibition by bcl-2 family members. (A more comprehensive review of the caspase family of proteases and the initiation and execution phases of apoptosis, which are beyond the scope of this article, can be found in references 13 ± 15 ).
(AICD). After clonal expansion of lymphocytes in response to antigen, the immune system is faced with the task of clearing vast numbers of activated lymphocytes. Failure to do so would result in T cells running amok, posing the potential risk of selfdestructive activity. Apoptosis was shown to be the mode of AICD responsible for peripheral deletion of activated lymphocytes, that is, ones that have been primed and are immunologically reactive 16 (see Figure 1 ). Shi et al. 17 reported that AICD of thymocytes and T cell hybridomas was inhibited by cyclosporin A and the same year Ucker et al. 18 demonstrated that AICD required de novo RNA and protein synthesis, suggesting the involvement of death genes. The death gene involved in AICD was later identified as FasL by four separate research groups early in 1995 who showed that FasL expressed in response to TCR stimulation mediated its apoptotic effect through interaction with Fas displayed on the surface of activated T cells. 19 ± 22 Although TNF can also induce apoptosis in activated T cells, 23 FasL-mediated AICD is believed to be a primary mechanism responsible for limiting the number of effector T cells following immune responsive expansion.
Lessons from the lpr colony, or, there's gld in them thar mice
Perhaps the most useful and informative tools in the study of Fas and FasL are the lpr and gld mutant mice. Each of these mice arose from spontaneous mutations that manifested as severe lymphoproliferative disorders (see Cohen and Eisenberg 24 ). In 1992, the mutation responsible for the lpr (lymphoproliferation) phenotype was identified in the Fas gene. 25 Similarly, a mutation in the human Fas gene has been described and, as in the lpr mouse, is associated with lymphoproliferative and autoimmune disorders. 26 In 1994, Takahashi et al. identified the gld defect as a point mutation in the FasL gene that results in FasL mRNA being expressed but the protein rendered nonfunctional. 27 Both of lpr and gld mice have massive accumulation of activated T cells, perhaps due to an inability to clear peripheral lymphocytes as a result of inoperative Fas-FasL mediated apoptosis in these cells.
Stress induced FasL expression in T cells
Recently another physiological system in which transcription-dependent apoptosis occurs via the upregulation of FasL has received considerable attention. Stress, in the form of heat shock, genotoxic insult or radiation, has been demonstrated to occur via apoptotic death that can be associated with activation of the FasL gene and be at least partially dependent on the presence of functional FasL protein. Killing by DNA damaging agents, long the mainstay of antitumor chemotherapy, has been shown to involve Fas/FasL for efficient killing in some cases. 28 ± 30 When CEM and Jurkat T cells were treated with the chemotherapeutic agent, doxorubicin, these cells underwent apoptosis which was associated with activation of the FasL gene. 28 As with AICD, the apoptosis observed in these cells is characterized by the increased expression of Fas-L mRNA, which is required for death. Fulda et al. 31 demonstrated this phenomenon with doxorubicin, cis-platin and VP16, all of which have DNA damage as a primary mode of action. Kasibhatla et al. 30 outlined a mechanism for FasL expression induced by DNA damage in activated lymphocytes which is discussed below. The involvement of the Fas-FasL trigger to induce apoptosis in these systems is supported by the observation that g-radiation and heat shock treatment of splenic cells from lpr mice did not produce as profound an apoptotic response as from wildtype lymphocytes. 29 FasL in negative selection: does too, does not, does too AICD in the thymus manifests as negative selection, the process by which self-reactive thymocytes are deleted before leaving the thymus. In the original papers on autonomous killing of activated T cells through Fas-L, 19 ± 22 the observation was made that this phenomenon provided a possible explanation for death of thymocytes during negative selection, a proposal that was made previously based on the differential expression of Fas during T cell ontogeny. 32 However, studies with lpr mutant, FADD knockout (FADD7/7) and FADD dominant negative transgenic mice suggest that this may not be the case.
lpr mice treated with the superantigen SEB (Staphylococcal enterotoxin B) did not show any significant impairment of thymic deletion compared to SEB treated wild-type mice. 34 who generated a lpr/lpr (Fas7/7) mouse by directed targeting of the Fas gene. Although peripheral deletion was reduced in these mice, thymic deletion appeared to be normal. Recently, it was shown that Fas-FasL may play a role in negative selection during early thymic development in gestation. It was proposed that the apoptotic signaling mechanism responsible for Fas-mediated negative selection in utero may be overridden by a TCR signal in postnatal mice. 35 In recent studies it was proposed that Fas/FasL regulated negative selection is dependent on the dose of antigen. SEB treated lpr mice did not show any defects in negative selection unless the mice received at least 100 mg SEB. 36 In studies using the OVA-specific TCR (DO10) transgenic mouse crossed with the lpr mouse, negative selection was significantly impaired in DO10lpr/lpr mice treated with 150 mg OVA peptide.
37 DO10 Fas+/+ mice treated with similar doses of OVA peptide showed expansion of OVA-TCR-bearing clones, but had no difficulties deleting these cells after removal of the antigen. 37 FADD (Fas Associated Death Domain) is a key protein in Fas-mediated signaling in apoptosis. 38 Since it acts in physical conjunction with Fas, it provides one of the most apical regulators of Fas killing as demonstrated through the use of dominant negative mutants of FADD, which inhibit FasL induced apoptosis. Ablation of the FADD gene in knockout mice resulted in severe problems during embryogenesis, but negative selection was not perturbed. 39 A similar result was observed in the transgenic mouse expressing a dominant negative variant of FADD (ddFADD) under the control of the T cell specific p56 lck promoter. 40 As in the FADD7/7 mice, there was no appreciable impairment of negative selection in the ddFADD transgenic, suggesting that apoptosis of these cells is likely not driven through a Fas mediated process. Thus, since the dominant negative FADD abrogates signaling through Fas, then by extension FasL cannot be acting through this pathway to induce death during negative selection. It has recently been reported that Fas can signal through an alternative, FADD-independent, pathway using the Fasassociated adaptor molecule, DAXX, which results in activation of Jun terminal kinase and NF-kB. 41, 42 There is a possibility that Fas/Fas-L may still play a role in negative selection, but the mechanism and outcome of such an activity have yet to be characterized.
Interestingly, cycloheximide induced apoptosis of T cells, similar to that described earlier, 7, 43 was found to be dependent on FADD. 44 A similar observation was made in U937 leukemia cells undergoing apoptosis induced by the anticancer drugs VP16 and CDDP. 45 Although U937 cells died in a FADD-dependent manner, apoptosis in this system appeared to be independent of FasL.
Genetic regulation of Fas ligand NFAT
We have seen that FasL is upregulated in physiological situations, but what are the cellular players that drive the transcription of FasL? To date a number of transcriptional activators of the FasL gene have been identified. A summary of factors that bind the FasL proximal promoter is shown in Figure 2 . One of the first regulatory regions examined in the FasL gene was mapped from 7487 to 7271 bp, relative to the transcription start site at +1. This region contains two binding sites for NFAT (Nuclear Factor in Activated T cells), a transcription factor activated by engagement of the TCR. 46 DNA footprint analysis showed that there were two sites bound by NFAT in this region corresponding to the consensus NFAT sequence. 47 
NF-kB
In addition to NFAT, the FasL contains a responsive element for NF-kB, a heterodimer of NF-kB1 (p50) and RelA (p65). In T cells, NF-kB is activated by phosphorylation-induced inactivation of its inhibitor, IkB. 48 Upon release from IkB, NF-kB then translocates to the nucleus. NF-kB-dependent upregulation of FasL has been demonstrated in apoptosis of etoposide and teniposide treated Jurkat. 30 Recently a thymine-dependent colon carcinoma cell line that dies in a Fas-mediated manner 49 was shown to upregulate FasL in a NF-kBdependent manner during thymine withdrawal induced death (Harwood et al, 1999, submitted). This suggests that NF-kB may represent a general regulator of FasL transcription. In support of this possibility, recently, FasL mediated apoptosis observed during AICD has been recently demonstrated to be mediated via NF-kB. 50 
Egr
In 1996 Norian et al, 51 described a response element in the FasL promoter at position 7214 to 7207, denoted RE3, and demonstrated that this site is necessary, in conjunction with the NFAT responsive element, for the coordinated expression of FasL in activated T cells. Mittlestadt and Ashwell identified an overlapping site (7220 to 7205 bp) as the response element for the transcription factor Egr (Early Growth Response). 52 Two members of the Egr family, Egr-2 and Egr-3, bind this site and contribute to the expression of FasL in T cells at two stages of ontogeny. Expression of Egr-2 is highest in double negative, CD3 + CD4 7 CD8 7 , thymocytes and Egr-3 is highly expressed in activated peripheral T lymphocytes. Since both of these proteins recognize the same element in the FasL promoter, it is likely that they provide specificity for the genetic regulation of FasL. It has not yet been established whether the TCR-activated transcription factor 
52,53

Stress can kill
One mechanism by which stress kills is through the activation of the p38 Jun terminal kinase (JNK; also known as SAPK for Stress Activated Protein Kinase). JNK, which is activated by a phosphorylation driven signaling pathway, phosphorylates c-Jun which then translocates to the nucleus and with its binding partner c-Fos forms AP-1 and binds its regulatory element in the FasL promoter. Rinco Â n 54 recently demonstrated that JNK is activated in response to the initiation of negative selection of thymocytes and that JNK activity is mediated through the MAP kinase signaling pathway. Using a mouse transgenic for a dominant negative JNK, these researchers found that thymocyte development was severely compromised, notably, the resistance of DP thymocytes that were refractory to TCR-induced apoptosis which resulted in the accumulation of immature thymocytes. These observations were complemented by observations in the JNK1 knockout mouse in which there was also a severe reduction in the responsiveness of DP thymocytes to TCRinduced apoptosis during negative selection.
55 JNK2 appears to play a role later in the thymocyte's life given that studies with the JNK2 knockout mouse, in which negative selection was not adversely affected, showed that JNK2 is required for activation and apoptosis of mature T cells. 56 Although JNK1 and JNK2 appear to act in T cells at different stages, it is clear that they both play an important role in apoptosis of T cells. The mechanism by which each impacts the genetic regulation of FasL and ultimately T cell death has yet to be determined.
Also contained in the cluster of response elements in the 7400 to 7200 bp region of the FasL promoter is a site implicated in the responsiveness to cellular stress. Using deletion analyses Faris et al, identified a region as a MEKK1 responsive element that they showed was bound by an AP-1 heterodimer of c-Jun and ATF-2 (Activating Transcription Factor-2), in a footprint spanning 7338 to 7316 bp of the FasL promoter. 57 This element is required for optimal responsiveness to such cellular stress as UVand g-radiation.
Distal to the TCR-responsive regulatory elements of the FasL promoter is a region that contains at least two sites that are important for the upregulation of FasL in response to stress and cytotoxic insult. Cytotoxic stress and DNA damage induce apoptosis mediated through the activation of transcription factors AP-1 58 and NF-kB through the activation of the upstream regulatory pathway via sequential phosphorylation events by MAP kinases, SAPKs and JNKs. Kasibhatla et al, 30 have identified a region in the FasL promoter (71.2 to 70.9 kb) that is required for upregulation of FasL transcription by NF-kB and AP-1 by deletion analysis of the FasL promoter with a reporter gene assay. An AP-1 consensus sequence (TTAGTCAG) was identified within this region that is required for AP-1 dependent activation of the FasL promoter. 30 This provides evidence for a model to explain the induction of a death gene, FasL, as has been suggested by observations with such inducers as genotoxic insult by chemotherapeutic agents, 57, 59 growth factor withdrawal in neuronal cell death, 60 and ionizing, UV-and g-radiation.
c-myc
The c-myc protein is a transcription factor that was initially implicated in the induction of apoptosis in fibroblasts under serum starvation, 61 and has since been shown to contribute to cell death in AICD of T cell hybridomas. 62 Bissonette et al, later showed that myc, in conjunction with its heterodimer partner, max, is required for apoptosis in activated T cells 63 and in 1997, Hueber et al, 64 demonstrated that induction of apoptosis by c-myc requires the presence of functional Fas and FasL. Since AICD in T cells is mediated via upregulation of FasL, it is likely that c-myc participates in this effect (T Brunner, personal communication).
It has been postulated that c-myc exerts an effect on the transcriptional activity of the FasL gene by a direct interaction in the proximal FasL promoter. It has recently been reported that TGFb1 abrogates the c-myc-mediated induction of FasL mRNA synthesis and subsequent apoptosis, which provides a means to downregulate AICD, possibly to allow antigen dependent clonal expansion during an immune response. 65 
Forkhead FKHRL1 getting in on the Akt?
A novel response element has been mapped in the FasL promoter that is bound by a Forkhead transcription factor, FKHRL1.
66 FKHRL1 is a substrate of the kinase Akt (or PKB, protein kinase B), 67, 68 which has been implicated in apoptotic signaling by the discovery that it phosphorylates caspase-9 69 and BAD, a pro-apoptotic member of the bcl-2 family member. 70 Akt has been shown to translocate to the nucleus upon activation 71, 72 in the presence of essential growth factors, without which apoptosis would occur. Phosphorylation of FKHRL1 renders it inactive as a transcription factor and in its dephosphorylated form, FKHRL1 can contribute to the upregulation of FasL expression through a responsive element in the region of 7743 to 7648 bp upstream of the initiation codon. 66 These findings are consistent with an earlier report that Akt suppresses FasL-dependent apoptosis. 73 The mechanisms controlling Akt kinase and FKHRL1 involvement in FasL expression remain to be elucidated.
Fas ligand as an intercellular death signal
Killing by cytotoxic T cells occurs by one of two defined modi operandi. 74 ± 76 The first method elucidated involves the vectoral secretion of the cytolytic granules from the CTL into the microenvironment between the CTL and its target. Apoptotic proteases, the primary one being granzyme B, along with perforin induce rapid apoptosis in the target and release of the CTL to kill again. Granzyme B enters the target cell autonomously but requires perforin to activate the target that has been primed for rapid apoptotic destruction by the presence of granzyme B. 77, 78 A hallmark feature of granulemediated killing by CTL is the requirement for Ca 2+ , which is necessary for the proper polymerization and/or activation of perforin.
A second mechanism of killing by CTL was proposed based on the observation that in some conditions CTL could kill their targets in a Ca 2+ -independent manner 79 ± 81 and it was later demonstrated that peritoneal exudate lymphocytes (PEL) do not contain detectable levels of perforin protein 81 or mRNA. 82 These preliminary observations, although originally met with skepticism, were supported by the identification of the antigen recognized by two independently generated cytotoxic antisera. a-APO-1 83 and a-Fas 84 both of which recognize the surface protein that has been renamed CD95 (Fas; APO-1). Binding of Fas by a-Fas (a-APO-1) mimicks the events when Fas is bound by its cognate ligand, which was identified 4 years later. 8 FasL and a-Fas both engage surface Fas and initiate the apoptotic pathway as described above.
Rouvier et al, 85 used target cells from gld and lpr mice, as well as targets transfected with Fas, to demonstrate that there is in fact an alternative mode of CTL killing, one which is mediated through surface receptor interactions involving Fas. CTL killing by FasL/Fas interaction accounts for the earlier observations of Ca 2+ -and antigenindependent apoptosis of targets. It is now believed that killing by FasL on the surface of CTL and NK cells is the preferred weapon of choice for clearing activated CTL and NK cells following antigen-driven expansion, while granule mediated killing appears to be preferred to kill virus infected and tumor cells as the primary targets.
Bossi and Griffiths 86 have thrown additional light onto the CTL/FasL story in a report in which they show that FasL is contained in the cytolytic granules of CTL. Although constitutively expressed, FasL is maintained in an intracellular store until activation of the peripheral CTL, after which FasL is transported from its storage compartment to the cell surface, thus creating a fully armed and operational cytotoxic cell.
Fas ligand as a death gene in non-lymphoid cells Immune privilege
Immune privilege is a system used to delineate forbidden zones for lymphocytes in order to protect certain organs, such as the eye and testes, from encountering anything more than the slightest of inflammation that would accompany a local immune response in these tissues. 87, 88 If an immune response is provoked in the anterior chamber of the eye, there is a dramatic reduction in vision (see Ferguson and Griffith 88 ). The expression of FasL by non-lymphoid cells in the eye causes the death of any infiltrating Fas + lymphocytes. The FasL cells in this case act very much like CTL that kill via FasL/Fas, however the purpose is to remove any interloping lymphocytes before an immune response can be mounted in these`protected' tissues (see Figure 1) .
Griffith et al, 89 demonstrated that immune privilege can be gained by the expression of FasL by cells at these sites. For example, the presence of FasL on the surface of cells in the anterior chamber of the eye can rapidly clear virus infected cells placed into this region without the necessity for infiltrating lymphocytes. 90 A similar infection in the eye of gld mice resulted in lymphocyte invasion of the anterior chamber and inflammation at that site. Also contributing to the maintenance of immune privilege is TGFb, which was found in the microenvironment of transplanted FasL + colon carcinoma cells, CT26-CD95L, into the intraocular space. 91 TGFb was shown to downregulate the expression of Fas on the infiltrating neutrophils, which serves to moderate a potential inflammatory response.
Bellgrau et al, 92 employed a strategy based on the FasL model of immune privilege to prevent graft rejection. These researchers demonstrated that testicular Sertoli cells expressing functional FasL were able to survive transplantation under the kidney capsule. Sertoli cells from gld mice were not able to survive transplantation in this manner, suggesting that survival of FasL-bearing grafts was due to the graft`defending' itself against immune attack by the host. This issue is far from settled, however, since FasL + islet b cells transplanted under the kidney capsule of allogeneic recipient mice suffered from major granulocytic infiltration. 93 The presence of FasL on the grafted b cells did not confer any resistance to rejection compared with non-FasL bearing grafts.
Peripheral deletion
Although the primary means of removing activated peripheral T cells is through AICD, a second approach has been elucidated in which FasL is expressed in non-lymphoid tissues. In a system resembling immune privilege, inducible FasL expression has been demonstrated in cells found at common sites of lymphocyte infiltration and clearance, notably hepatocytes and epithelial cells of the small intestine. 94 This discovery has not laid to rest the argument over how and why lymphocytes home to places such as the gut where they apparently induce a death gene by which to direct their own demise, but it provides an elegant biological system to complement peripheral deletion by lymphoid tissue and does so in a site that can accommodate major lymphocytic infiltration.
Neurons join the fray
Neurons provide an example where FasL induction of apoptosis in non-lymphoid tissue does not involve lymphocytes as the inducer or target of apoptotic stimuli. A recent report outlined the activation of the FasL gene in PC12 cells and primary neuron cultures during apoptosis induced by withdrawal of nerve growth factor or KCl, respectively. 60 Apoptosis of both the PC12 cells and cerebellar granule neurons was accompanied by increased levels of FasL, which was required for death to occur. Further supporting the role of FasL in the death of neurons are the experiments showing that death is abrogated by Fas-Fc, an inhibitor of FasL, and in neurons from gld mice.
Martin-Villalba et al, recently reported similar findings in neuronal cells undergoing apoptosis after ischemia. 95 Inhibition of c-Jun phosphorylation, in this case with FK506, abrogated upregulation of FasL transcription and subsequent cell death. Ischemia in lpr mice did not result in the same level of neuronal apoptosis as in wild-type mice, thus providing more evidence for the involvement of FasL as a death gene in neuronal apoptosis. Upregulation of FasL by neuronal cells may also serve as a means to protect neurons from infiltrating cells in a manner similar to immune privilege. 96 
Tumor counterattack
Another example of FasL gene expression in non-lymphoid tissue is the presence of FasL protein on the surface of many tumors. Initially observed in melanomas 97 and hepatocellular carcinomas, 98 FasL has now been observed on a number of tumor types (reviewed in 99 ). The tumors' use of FasL to kill off infiltrating Fas-bearing lymphocytes, akin to immune privilege, has been termed tumor counterattack. It is not known if the expression of FasL by tumor cells is an early event that provides a competitive advantage for a nascent neoplasm, or if it is a defense mechanism acquired or selected later in tumor progression.
The presence of surface FasL is not sufficient to guarantee survival of a tumor. Transplantation or injection of FasL-bearing tumors into mice has also been demonstrated to evoke an inflammatory response. Shimizu et al, 100 injected Neuro-2a neuroblastoma cells transfected with FasL cDNA and observed significant infiltration of neutrophils at the site of injection. An inflammatory response was not observed when recipient mice were treated with neutralizing anti-FasL antibody or when Neuro2a-FasL cells were injected into lpr mice, suggesting that FasL may contribute to the inflammatory response including neutrophil recruitment and activation.
Seino et al, 101 demonstrated that FasL-bearing tumor cells were efficiently eradicated by syngeneic recipient mice if the graft cells did not also express Fas. Deletion of the transplanted cells was mediated by infiltrating CD8 + CTL and NK cells. Similar observations were reported by Arai et al, 102 who demonstrated that the Fas 7 colon carcinoma cell line CT26-CD95L, when placed in syngeneic hosts, elicited a strong inflammatory response and was cleared rapidly by inflammatory cells. Presence of FasL on Fas-bearing renal carcinoma, Renca, cells did not protect these cells from apoptotic death when transplanted into syngeneic hosts, however, no inflammatory response was observed. Chen et al, 91 have since demonstrated that the inflammatory response mediated by FasL is dependent on the microenvironment at the site of introduction of a graft. CT26 expressing FasL (CT26-CD95L), when injected subcutaneously, elicited a strong inflammatory response and the graft was cleared by infiltrating neutrophils. The inflammatory response was suppressed in the presence of TGFb, which inhibited neutrophil activation. Similarly, when injected intraocularly, CT26-CD95L cells did not elicit an inflammatory response due to the presence of TGFb at the site of injection.
Conclusions
Although Wyllie's fourth cardinal element of apoptosis only emphasized the requirement for protein synthesis, 1 the necessity for new gene expression was listed as a necessity in some experimental systems. Our understanding of apoptosis and the need for macromolecular biosynthesis at that time was characterized mainly by seminal studies which were based on, but not limited to, death of thymocytes and mature T cells in the context of cytokine withdrawal and hormone induced cell death. 2 ± 4 Over the past 12 years we have seen the unravelling of the complexity of apoptosis, not only with the biochemical pathways leading to death, but in the vast number of physiological systems that rely on apoptosis for homeostasis.
Although a number of these systems do not require novel RNA or protein synthesis, significant cell death occurs that is absolutely dependent on transcription of death genes. In light of this and considering the involvement of FasL in AICD during immune homeostasis and maintenance of immune privilege, we feel that FasL qualifies as a bona fide death gene. What we learn from FasL and other death genes may lead us to better understanding of such problems as lymphoproliferative and autoimmune disorders and possibly to develop novel strategies to avoid rejection of transplants and to combat tumors.
